



Spectroscopic and Time Domain Reflectometry Studies of Protein in 1, 2-Dihydroxyethane Solution
Abstract
 A dielectric measurement was performed on proteins in an aqueous media using dielectric time domain spectroscopy above a comprehensive of frequency 10 MHz to 30 GHz. The static dielectric constant (ε0), relaxation time (() and conductivity (() have been determined using nonlinear least squares fit technique. On the antagonistic 1, 2-dihydroxyethane (C2H6O2) intensely marks the dielectric reaction of lysozyme signifying a precise result on its dynamics. The data are consistently inferred assuming that glycol molecule blocks and separates the two domains of lysozyme making them rotationally self-determining. This paper explored the dielectric assets, as a purpose of incidence and temperature of the hydrated circular protein lysozyme. 
Keywords: dielectric constant, relaxation time, conductivity, time domain reflectometry.
Introduction
“This work deals with a dielectric study at microwave frequencies of 1,2-dihydroxyethane effect on dynamic properties of lysozyme, demonstrating very useful models for folding studies lysozyme extracted from chicken egg-white” [1-3]. “The structure of 1,2-dihydroxyethane consists of an ethane backbone with a hydroxyl group (-OH) attached to each of the two carbon atoms. The atmosphere played by water molecules adsorbed on the apparent of a protein is critical for developments extending from enzymatic drive” [4] and catalysis in biological solvents [5] to anhydrobiosis (life without water) [6]. “A suitable investigational scheme to study, on one indicator, the dynamics of adsorbed water molecules and, on the other, to associate these dynamical features with biological purposes is characterized by a hydrated concentrate of a protein, such as lysozyme” [7]. “The conductivity percolative transformation create for the lysozyme–water scheme is due to proton movements along hydrogen-bonded water molecules adsorbed on the protein superficial, with ionizable assemblies as sources of migrant protons” [8, 9]. “The dynamics of these traveling protons over the lysozyme superficial has been traveled by means of traditional dielectric techniques over a incomplete frequency and temperature variety” [10] and newly by means of broadband dielectric spectroscopy [11]. “Both trials provided indications of encouraging similarities with the dielectric behavior of moderate proton glasses, the electric complements of magnetic revolution. In specific, the three canonical features of a glassy scheme” [12] such as non-Arrhenius temperature dependence of the dielectric relaxation time, non-exponential reduction procedures, along with non-ergodic presentation below a change temperature were experimental. Dielectric spectroscopy is a very complex method to examine composite methods and it is predominantly appropriate in reviewing organic systems. Protein results display at wireless frequencies classic dielectric relaxations due to alignment divergence. From the distribution curvature it is likely to regulate two important factors illustrating evidence of a protein: the actual hydrodynamic radius and the electric dipole instant. Our judgments must revealed that dielectric spectroscopy is certainly an operative instrument in learning fundamental and conformational adjustments of proteins stimulated by dissimilar causes, such as pH, temperature, and solvent arrangement. This method is extremely delicate and capable to confirmation minor things on the general conformation of the macromolecule” [13]. A suitable tentative scheme to study, on one hand, the dynamics of adsorbed water molecules and, on the other, to subordinate these dynamical assemblies with biological meanings is represented by a hydrated powder of a circular protein, such as lysozyme. In specific, the lysozyme scheme has been considered by numerous tentative methods. “The conductivity percolative transition originate for the lysozyme is due to proton movements laterally hydrogen-bonded water molecules adsorbed on the protein surface, with ionisable assemblies as bases of itinerant protons. The dynamics of these itinerant protons over the lysozyme superficial has been inspected by means of conventional dielectric approaches completed a incomplete frequency and temperature variety and newly by means of broadband dielectric spectroscopy. Both experiments provided evidences of stimulating similarities with the dielectric behavior of delicate proton glasses, the electric complements of irresistible rotation glasses. Dielectric spectroscopy is a non-invasive, appropriate delicate method to consider composite arrangements and it is mainly appropriate in revising organic schemes. Protein clarifications reveal at radio incidences distinctive dielectric relaxations due to alignment separation. After the dispersal curvature it is likely to govern two substantial factors describing conformation and building of a protein. Our trials must revealed that dielectric spectroscopy is indeed a useable implement in reviewing vital and conformational amendments of proteins sponsored by diverse causes, such as pH, temperature, and solvent arrangement. The procedure is extremely thoughtful and competent to confirmation minor things on the general conformation of the macromolecule. In this paper, we report on sufficient study of the lysozyme at dissimilar application using time domain reflectometry technique in the frequency range of 10 MHz to 30 GHz.
Experimental details
Material

The 1, 2-dihydroxyethane used in these experiments was purchased from Qualigens fine chemical and lysozyme was purchased from Himedia Laboratory Pvt. Ltd.  Water mixtures of 10% to 100% concentration in 1, 2-dihydroxyethane was arranged.  Distilled and deionized water with electric conductivity lower than 18.3 µS cm-1 was acquired from ultra-pure water (Millipore, MILLI-Q Lab). A time domain reflectometry technique for calculating dielectric ranges of solutions up to 30GHz with a Tektronix DSA8200 Digital Serial Analyzer Oscilloscope processor along with the sampling module 80E08. A flat ended coaxial line creates communication with the fluid sample, and TDR measure the composite reproduction measurements at rates between 10 MHz to 30 GHz. A repetitive fast increasing 250mv voltage pulse of 200 KHz with 18ps incident rise time was fed through coaxial line arrangement of impedance 50 ohm. The co-axial cable was copper metal and semi inflexible model no. EZ_86/M17 (Huber Suhner Electronics Pvt. Ltd.). “The internal length of outer probe is 2.2mm; outer length of center probe is 0.51mm and the diameter of dielectric material is 1.68mm. Specimen oscilloscope displays modifications in step beat after replication from the end of line. Returned beat without sample R1(t) and with sample Rx(t) stood verified in time window of 5ns and digitized in 2000 points. The compound permittivity bands have been acquired from replication measurement bands by relating the least squares fit technique. The essentials of the scheme and the methods of the TDR have been conveyed” [14-23].
Apparatus
The composite permittivity ranges remained deliberate using the TDR method. The basic TDR setup includes broadband sampling oscilloscope, TDR unit and coaxial communication stripe. The Tektronix DSA8200 specimen oscilloscope with 30GHz bandwidth and TDR module 80E08 with step producer element was used. A 200mV step pulse with 18 ps incidence pulsation and 20 ps simulated pulsation interval and 200 kHz replication amount permits concluded coaxial 50( lines. All dimensions are supported out in open-load situation. Specimen oscilloscope monitors deviations in phase pulse subsequently replication from sample. Reproduced pulsations without sample R1(t) and with sample RX(t) were confirmed in time window of 5 ns and digitised in 2000 points. Temperature of the illustration was measured automatically within 10C.
Method 
The step pulsations verified without illustration R1(t) and through sample RX(t) were removed and supplementary to acquire.
p(t) = [R1(t) - RX(t)]




(1)

q(t) = [R1(t) + RX(t)]




(2)

These chronicled pulsations remained as revealed in Fig. 1. The dispensation of the data was approved obtainable to contribute the composite replication measurement (*(() concluded a incidence variety of 10 MHz to 30 GHz determined as follows:


[image: image1.wmf])

(

)

(

)

(

*

w

w

w

w

r

q

p

d

j

c

=






(3)

Where p(() and q(() are the Fourier transforms of p(t) and q(t) acquired by the summation and Samulon approaches [24], correspondingly. c is the speed of light, ( is the angular frequency and d is the operational pin length (0.09 mm). The complex permittivity ranges, (*((), remained acquired from the replication quantity ranges (*(() by relating the bilinear standardization method recommended by Cole [25].
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Fig. 1 Complex permittivity ranges Vs record frequency (Hz) of protein (lysozyme) in different applications at 250C.

Result and Discussion
The overall procedure of the recreation calculation is specified by the Havriliak-Negami comparison [26].
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Where (0 is the stationary permittivity, (( is the permittivity at extraordinary occurrence, ( is the recreation period and ( & (  are experimental limitations for the dispersal of reduction intervals by standards among 0 and 1. The Havriliak-Negami calculation includes three reduction representations as preventive processes. The Debye model ((=0 and ( = 1) denotes a distinct recreation period although the Cole-Cole model (0≤(≤1 and (=1) and Cole-Davidson model ((=0 and 0≤(≤1) equally recommend a spreading of reduction periods. The magnitudes of ( and ( indicate the width of the dissemination. The comparative to the aqueous explanations of the protein at all molar considerations of 1, 2-dihydroxyethane they fit Cole-Davidson kind dissemination. Therefore, here (=0 and 0≤(≤1 and investigational ethics of (*(() remained fitted to the Cole-Davidson deliberation as,
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The standards of 
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 are appropriate limitation. A non-linear least squares fit technique was used to standardize the standards of the dielectric boundaries. The temperature reliant on dielectric relaxation restrictions for aqueous resolutions of protein are recorded in Table 1. For the aqueous consequence of protein, the static permittivity and recreation period together increase by an escalation in molar consideration of protein and also escalation with a decrease in temperature. It must be prominent that the relaxation time varies from 8 ps to 25 ps inside the temperature range deliberated. The errors in the previous significant numbers are also specified. The dielectric constant ((0) investigational for the aqueous explanation of protein increases with increase in protein comfortable in water may be due to the greater significance of the dipole moment of protein molecules. This recommended that water assembly is adapted due to hydrogen bond by the protein so as to produce an increase in relaxation time and dielectric permittivity in the combination.
For the aqueous resolution of protein, the static permittivity reductions and relaxation time increase with an upsurge in concentration of. The inaccuracies in the last substantial digits are also described. The dielectric constant (ε0) for aqueous solution of protein decrease with increase in 1, 2-dihydroxyethane contented outstanding to the negligible implication of the dipole minute of protein. 
Table1. Dielectric relaxation parameter of protein (lysozyme) at 250C. The numeral of brace signifies indecisions in the previous noteworthy numerals acquired the least squares fit method e. g. 60.13 (1) means 60.13 ( 0.01.

   C (%)

ε(

    ε0

 ((ps)


( (mho/m)
    β

    10

1.90(1)

60.13(1)

11.20(2)


0.07523(5)
0.922(1)

    20

1.91(2)

60.53(1)

12.90(2)


0.05383(7)
0.931(2)

    30

2.00(1)

61.52(2)

14.96(3)


0.05064(5)
0.920(1)

    40

2.11(2)

61.96(3)

16.53(5)


0.04426(4)
0.900(2)

    50

2.28(3)

59.13(4)

18.19(18)

0.03398(4)
0.865(2)

    60

2.50(3)

52.87(9)

22.30(37)

0.02868(2)
0.834(4)

    70

2.28(2)

42.43(8)

31.20(41)

0.01504(2)
0.828(3)

    80

2.01(2)

37.70(9)

27.85(89)

0.008414(1)
0.801(4)

    90

3.05(1)

23.02(9)

51.23(60)

0.005061(1)
0.773(4)

    100

3.16(1)

19.26(10)
55.74(71)

0.000839(1)
0.759(5)

Conclusion 

We obligate calculated the dielectric recreation in aqueous solution of protein (Lysozyme). The standards of stationary dielectric constant, reduction period, and conductivity of protein (Lysozyme) and 1,2-dihydroxyethane combinations for different deliberations are stated. The investigational dielectric relaxation data holds appreciated evidence regarding 1,2-dihydroxyethane and protein (Lysozyme) combination. The dielectric diffusion of Lysozyme has been intended at various solicitations using time domain reflectometry method. The static dielectric constant, relaxation time, d.c. conductivity has been determined. The dielectric records representation the development of a solvation sheath of assured 1, 2-dihydroxyethane molecules about the Lysozyme. The current study helps to regulate collaboration of Lysozyme through its ligand at dissimilar applications using dielectric evidence. 
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